Background and Purpose-The aim of this study was to prospectively validate our prior findings of smaller hematoma volume and lesser neurological deficit in nonvitamin K oral anticoagulant (NOAC) compared with Vitamin K antagonist (VKA)-related intracerebral hemorrhage (ICH). 
Stroke
October 2018 namely warfarin. NOACs were approved on the basis of noninferiority to warfarin, an association that was driven mainly by their safety profile, resulting in lower rates of intracerebral hemorrhage (ICH) while the overall composite ischemic and hemorrhagic stroke rates were comparable. [2] [3] [4] Despite the higher overall ICH risk with VKA, case fatality and outcomes of ICH occurring in the context of randomized Phase III trials were comparable between NOACs and VKAs. 5, 6 Subsequent observational studies of real-world data suggest that NOACrelated ICH have a trend toward better functional outcomes, [7] [8] [9] despite lacking a safe and efficient reversal agent. The main driver behind this seems to be lower ICH volume, 7, 8, 10 which is well established as the single most potent predictor of hematoma expansion, mortality, and functional outcome in ICH. 11 In light of the former considerations, we sought to validate the findings of our prior analysis 7 in a separate prospective cohort, including ICH patients without any prior disability. We hypothesize that NOAC use is independently associated with smaller ICH volume, lower likelihood of hematoma expansion and mass effect, less severe neurological deficit, lower mortality, as well as higher odds of favorable functional outcomes.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request.
Study Population
We prospectively enrolled consecutive patients with no prior disability (modified Rankin Scale (mRS) scores before the index event 0 or 1) who presented with nontraumatic, ICH and positive history of oral anticoagulant intake in the emergency rooms of the participating tertiary care stroke centers during a 1-year period (August 2016-July 2017). Active surveillance and screening of all ICH patients were conducted to ensure inclusion of all eligible patients irrespective of admission to neurosurgical, neurological, or intensive care unit service. The definition of VKA-related ICH required effective use of a VKA with an international normalized value of >1.5 on hospital admission, 12 whereas the definition of NOAC-related ICH required confirmed reception of the relevant NOAC during the past 24 hours before the index event. 13 NOAC use was confirmed with patients and their caregivers. Patients with major head trauma or known underlying structural or vascular cause of ICH were excluded from further evaluation. We also excluded patients with hemorrhagic transformation of ischemic infarcts and patients with pure intraventricular hemorrhage without evidence of intraparenchymal hematoma.
Baseline Characteristics and Outcomes
The following parameters were prospectively recorded for all included patients: (1) demographic characteristics (age, sex, and race); (2) history of vascular risk factors (diabetes mellitus, hypertension, current smoking, hypercholesterolemia, coronary artery disease, heart failure, and chronic kidney disease, defined as either history of kidney damage or decreased kidney function [glomerular filtration rate level <60 mL/min per 1.73 m 2 ] for ≥3 months); (3) prior history of ischemic or hemorrhagic stroke; (4) prior medications (statins, antiplatelets, dose, and type of oral anticoagulation); (5) laboratory test values on admission (international normalized ratio [INR] , activated partial thromboplastin time, and total platelet count); (6) National Institutes of Health Stroke Scale (NIHSS adm ) and Glasgow Coma Scale on admission; (7) admission systolic and diastolic blood pressures, measured using automated cuffs.
Noncontrast head computed tomography (CT) scans were performed for all patients at both baseline and within 24-hour postictus, and all volumes were measured with the same method and imaging modality. CT findings were interpreted and extracted independently by either experienced neurologists or neuroradiologists in each participating institution that were unaware of each patient's clinical data. Hematoma volume at both baseline and follow-up (within the first 24-hour) CT scans was calculated with the ABC/2 method, 14 whereas hematoma expansion at 24 hours was defined as an absolute increase of >12.5 mL or a relative increase of >33% in hematoma volume at the subsequent 24-hour CT scan compared with the admission CT scan.
2 Intraventricular hemorrhage was classified as present versus absent in the head CT. Repeat CT scans were also systematically evaluated and compared with the admission CT scan for the presence of edema or midline shift within the first 24 hours from the index event, crudely classified as present versus absent.
In the participating centers all eligible patients were treated according to current guidelines for the management of spontaneous ICH. 15 Reversal therapies using specific antidotes (eg, idarucizumab), or coagulation factors, (fresh frozen plasma or prothrombin complex concentrates) were used according to individual hospital practices and availability but with uniform goal of restoration of INR <1.4. Intubation, surgical decompression, and external ventricular drainage were offered as per standard of care treatment in each individual hospital. All centers aimed for systolic blood pressure <140 mm Hg, using the agents of choice/standard of care in each hospital. NIHSS score at 24 hours (NIHSS 24h ) and at hospital discharge (NIHSS dis ), as well as mRS at both discharge and at 3 months was obtained as standard of care for all patients. Disability at 3 months was defined as a score of >2 in the mRS.
2 Three-month outcome was obtained as part of regular clinical follow-up in the participating sites.
The study was approved by the local institutional review board in each participating center, written informed consent was waived.
Statistical Analyses
Details on sample size estimation can be found in the online-only Data Supplement.
Continuous variables are presented as mean±SD (normal distribution) or as median with interquartile range (IQR; skewed distribution), while categorical variables are presented as percentages. Statistical comparisons between different subgroups were performed using the Pearson χ 2 test, unpaired t test, and Mann-Whitney U test, where appropriate. The distributions on the mRS score among groups both at discharge and at 3-month follow-up were compared with the Cochran-Mantel-Haenszel test and univariable/ multivariable ordinal logistic regression (shift analysis). The cumulative probability of survival during the 3-month follow-up period was estimated with the Kaplan-Meier product-limit method. Comparisons between the 2 groups were performed by the log-rank test.
Multivariable regression analyses were performed for all outcomes that were found to differ (P<0.1) between NOAC-related and VKA-related groups in initial univariable analyses. In univariable models of all baseline characteristics a threshold of P<0.1 was used to identify candidate variables for inclusion in the multivariate regression models that tested statistical significance hypothesis using the likelihood ratio test with an α value of 0.05. Because of the presence of a strong linear correlation between admission NIHSS score and baseline ICH volume (regression coefficient=0.13; P<0.001), we decided a priori not to include admission NIHSS score and baseline ICH volume simultaneously as independent and dependent variables in the same multivariable models taking into account that the emergence of other important associations could be scattered because of the presence of multicollinearity. Admission NIHSS scores were included as an additional potential confounder in the univariable and multivariable analyses of 3-month follow-up outcomes. We reported all associations as linear regression coefficients in linear regression models, odds ratios (ORs) in logistic regression models and common ORs in ordinal regression models, respectively. Before univariable and multivariable linear regression analyses, baseline hematoma volume was cube root transformed for each patient to satisfy statistical assumptions about normality of the distribution. 7, 8 The Stata Statistical Software Release 13 for Windows (College Station, TX, StataCorp LP) was used for the aforementioned statistical analyses.
Results

Clinical, Demographic, and Laboratory Characteristics
Our final cohort comprised 196 ICH patients from 15 tertiary care stroke centers in North America (n=7), Europe (n=7), and Asia (n=1): 62 NOAC-related (mean age, 75.0±11.4 years) and 134 VKA-related (mean age, 72.3±10.5 years) ICH. Baseline characteristics are summarized in Table 1 . Apixaban was the most commonly used NOAC (47%) followed by Rivaroxaban (37%) and Dabigatran (16%). VKA-related ICH patients were more likely to be male (73.1% versus 54.8%, P=0.011) and have lobar location (60.4% versus 32.2%, P<0.001). There were no differences in vascular comorbidities, CHA2DS2VASc and HAS-BLED scores (hypertension, abnormal renal and liver function, stroke, bleeding, labile INR, elderly, drugs or alcohol), antiplatelet, and statin pretreatment between the 2 groups. VKA-ICH patients had significantly higher INR (3.05±1.30 versus 1.45±0.62, P<0.001) and activated partial thromboplastin time (40.7±12.4 versus 33.4±7.9, P<0.001) without other differences in baseline laboratory values.
ICH severity was comparable in both groups with a mean ICH score of 2 and comparable Glasgow Coma Scale (Table 1) . Although there was only a nonsignificant trend toward lower median NIHSS adm in NOAC-ICH (7 points [2-14] versus 12 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] ; P=0.09), there was a substantially lower proportion of NOAC-ICH patients with severe neurological deficit (37% versus 55.3%; P=0.025), although this was likely mediated by lower ICH volume in the NOAC group; ICH volume was excluded from the analysis because of multicollinearity with NIHSS as explained in the Methods section.
Neuroimaging Characteristics and Outcomes
NOAC-related ICH was associated with lower baseline hematoma volume (13.8 mL [IQR, 2.5-37.6] versus 19.5 mL [IQR, 
Clinical Outcomes
VKA-related ICH patients were more likely to receive coagulation factors (86.6% versus 48.4%, P<0.001), but the rates of surgical decompression or external ventricular drainage placement were similar ( Table 2 ). There was no statistically significant difference in in-hospital mortality rate (27.4% versus 38.0%), length of hospitalization and mRS score at discharge (Table 2 ). NOAC-related ICH patients showed a trend toward lower 3-month mortality (32.1% versus 45.3%; P=0.095; Figure 1 Figure 2 ). Table 3 ). In multivariable logistic regression, NOAC pretreatment was independently related to 
Multivariable Analyses
Discussion
In this prospective multicenter cohort study of patients with nontraumatic anticoagulant-associated ICH without prior history of disability, we validated our prior findings suggesting a more favorable neuroimaging and clinical profile in patients with NOAC-related ICH compared with those with VKArelated ICH. Specifically, NOAC pretreatment was independently associated with lower baseline hematoma volume and lower odds of severe neurological deficit on admission. We also detected a trend toward more favorable 3-month functional outcomes in NOAC-pretreated patients. The association of lower hematoma volume with NOAC pretreatment is the most salient of our findings as ICH volume has been well established as the most potent predictor of mortality and adverse functional outcomes. 2, 16 This observation is in line with the findings of our previous multicenter cohort 7 and with animal data. 17 The exact reason is not clear but different pharmacological properties and specifically a more selective coagulation inhibition mechanism in NOACs might partially account for this. In the current cohort, VKA-pretreated patients not only had significantly higher INR than NOAC-pretreatred patients, but the median INR of 3.05 was above the upper margin of the generally accepted as therapeutic INR range, suggesting that many VKA-treated patients had markedly supratherapeutic INR resulting in more severe disruption of the coagulation cascade. 18 Our findings are in line with a recently published meta-analysis documenting a favorable trend toward lower ICH volume in NOAC-associated ICH (standard mean difference: −0.24; 95% CI, −0.52 to 0.04; P=0.093). 10 The results of our study are not without controversy as another multicenter cohort study found contradictory results, primarily noting no difference in admission hematoma volume between NOACs-and VKA-related ICHs. 13 Three marked differences may explain this. First, in the study by Wilson et al, 13 many centers report nonconsecutive patient selection which might have introduced substantial bias. Second, ICH volume measurement was not consistent among contributing centers: both the ABC/2 method and semiautomated segmentation methods were used, which may have introduced discrepancies in ICH volume estimation. Finally, patients with prior disability before the OAC-related ICH were not excluded in the study by Wilson et al.
Additionally, NOAC pretreatment was associated with lower odds of significant hematoma expansion and midline shift at the 24-hour follow-up CT scan. The incidence of hematoma expansion in NOAC-related hemorrhage was 17%, comparable to our previous cohort (23%) 7 but markedly different compared with the study by Wilson et al 13 (40%) . A possible explanation is that in our study, we used a more stringent cutoff (>12.5 mL) compared with a lower threshold (>6 mL) used by the study by Wilson et al, 13 which could explain the lower incidence of hematoma expansion in our cohort. However, an alternative explanation is that likely the hematoma expansion occurred in a smoother, more homogeneous fashion in NOACs, that is, many NOAC-ICHs increased by small amounts as opposed to fewer but more dramatic expansions in VKA-ICH. This potential explanation is further supported by the increase of the upper 95% CI in the follow-up CT compared with baseline CT in the VKA-ICH group (19.5 mL [6.6-52.0] to 20.0 mL [6.8-59] ) in contrary to the NOAC-ICH group (13.8 mL [2.5-37.6] to 15.9 mL [2.5-32.7]). Furthermore, the rate of hematoma expansion in VKA-related ICH in our cohort (37%) is comparable to both the study by Wilson et al 13 and a recent meta-analysis (34%), 10 despite differences in cutoff limits. Therefore, the significant difference in hematoma expansion in these 2 cohorts is driven by our study's substantially lower rates in the NOAC group. This is unsurprising given that ICH volume is the most potent predictor of all of these imaging outcomes. 19 Indeed there was collinearity between NOAC treatment and ICH volume, rendering the former insignificant in multivariable-adjusted models and suggesting that the association between NOAC treatment and more favorable neuroimaging outcomes is mediated by the lower hematoma volume. However, the marked discrepancy between the reported studies is of interest and merits more in-depth research, as hematoma expansion is strongly associated with functional outcome and mortality.
The 3-month mortality was lower in the NOAC-pretreated patients (32% versus 45%) although this did not reach statistical significance. The difference of ≈13% is similar to the findings from our prior cohort 7 although in absolute terms the rates are lower (22% versus 36%). In the study by Wilson et al, 13 NOAC-related ICH mortality was similar to our cohort's (33%) but VKA-ICH mortality was substantially lower (31%). The reason for the different outcomes in VKA-ICH between the 2 cohorts is not clear; it should be noted that in the study by Wilson et al, 13 VKA-treated patients had lower premorbid mRS score (0 versus 1) and had lower rates of early palliation indicating that there might have imbalances in prescription practices with a higher overall risk population overrepresented in the NOAC group.
A similar pattern was observed in-hospital mortality, with a trend toward lower rates in the NOAC-pretreated group (27% versus 38%). This observation is corroborated by the results of a recent meta-analysis reporting 10% lower in-hospital mortality rates in ICH patients pretreated with NOACs (17% versus 27%). 10 A recent study by Inohara et al 9 evaluating ≈140 000 patients hospitalized with ICH reported significantly lower rates of in-hospital mortality in ICH patients pretreated with NOACs (26.5%) than with VKAs (32.6%). Although the difference in the rates of in-hospital mortality did not reach the level of statistical significance in our cohort, this may be attributed to inadequate power. Indeed, in the large sample studied by Inohara et al 9 (15 036 cases of VKArelated ICH and 4918 cases with NOAC-related ICH), NOAC pretreatment was independently related to lower risk of inhospital mortality, with an adjusted risk difference of −5.7% that was accentuated to −12% in the subgroup of patients with supratherapeutic INR. We think that, in similar fashion to neuroimaging outcomes, the trends toward better clinical outcomes in the NOAC group are mediated by the smaller ICH volume.
It should also be noted that the above outcomes occurred, despite significantly more frequent coagulation factor use in VKA patients (87% versus 48%), an intervention with established effect on limitation of hematoma expansion that may also translate into lower rates of in-hospital mortality. 12 Despite the lack of targeted anticoagulation reversal agent for NOAC in our cohort (1 case treated with idarucizumab, 1 with andexanet alfa), all neuroimaging and clinical outcomes were in favor of this group, and the rates of significant hematoma expansion were low. It would be reasonable to expect that NOAC-specific reversal agents will have a beneficial effect, further limiting hematoma expansion and improving clinical outcomes. 20 Although idarucizumab was approved by the Food and Drug Administration in October 2015, there was a lag between its approval and widespread adoption and availability in-hospital pharmacies. Andexanet alfa Food and Drug Administration approval was delayed till March 2018 after the request for additional information by the Food and Drug Administration after the initial review in August 2016. Therefore, it was not available for widespread use during the period that the study was conducted. However, the only Phase 3 trial examining the efficacy of a NOAC-specific reversal agent did not include comparator control group and, in the ICH subgroup, there was neither assessment of time to bleeding cessation nor hematoma expansion on follow-up head CT. The relatively benign natural history of NOAC-ICH emerging from our findings raises the question whether the efficacy and safety of NOAC reversal agents needs to be better demonstrated before widespread use or whether there are specific subgroups that might benefit more, such as elderly, patients with renal or hepatic dysfunction.
Our study has limitations: The time between symptom onset and brain CT was not recorded, which did not allow us to account for the effect of this variable on hematoma expansion. 21 Assignment of anticoagulant group was not randomized, which might have introduced unmeasured confounding. Practical experience from the United States suggests that affordability of NOACs is often a decisive factor which might have resulted in socioeconomic imbalances that could not be accounted for. However, there were no differences in age or race between the 2 groups. Specific laboratory assessment to assess to confirm NOAC use was not performed routinely in all centers and, therefore, we relied on historical confirmation of NOAC use. Biological confirmation of NOAC use would have been optimal as this might have introduced patients with history of NOAC prescription but not active use at the time of ICH. Further, the relatively small number of patients per contributing center did not allow for subgroup analyses according to geographical location, and the uniformity of hospital setting (tertiary center) did not allow for exploration of differences according to hospital type. Accordingly, there was inevitable heterogeneity in management choices, as highlighted by the range practices in coagulation factors and reversal agents use. Similarly, the small number of NOAC-related hemorrhage did not allow subgroup analyses according to specific NOAC use. Perihematoma edema is challenging to define radiographically and measure accurately. 22 Therefore, our reporting on this particular imaging outcome is inevitably crude. A widely accepted operational definition with welldefined imaging parameters would be important, and accurate measurement of it should ideally be performed with the use of semiautomated quantitative imaging software. Last, similar to our prior study, magnetic resonance imaging was not systematically performed in our study leaving the potential moderating effect of cerebral microbleeds uncertain.
However, potential strengths of our study include a large sample size for a prospective cohort, predefined outcomes of interest and statistical analysis plan, participation of multiple centers across United States, Europe, and Asia, limiting the risk of regional practice bias. In contrary to all prior relevant studies, we limited our analyses to functionally independent patients before the index events, resulting in a more homogeneous cohort and eliminating the effect of premorbid disability on mortality and functional outcomes. Furthermore, all patients included in the present report can be expected that they had been anticoagulated, because only patients with INR >1.5 were included in the VKA-ICH group, while last intake <24 hours was mandatory in the NOAC-ICH group. The median INR value of 1.5 in the NOAC-ICH group indicates that most of the patients of this group may have been at peak NOAC levels when ICH occurred.
In summary, the present prospective multicenter cohort study confirms our prior findings suggestive of lower hematoma volume, lower likelihood of hematoma expansion, and lower odds of severe neurological deficit in ICH patients pretreated with NOACs in comparison to VKA-related ICH. These findings highlight NOACs as an attractive treatment option for patients in need of anticoagulation, especially those in high risk for ICH. Continued surveillance and further validation of these findings are larger, well-defined prospective cohorts are necessary, to confirm and further refine these findings.
